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(54) HEATING OF RESIST FILM AND PATTERN FORMATION 

(57)Abstract: ^ 
PURPOSE: To form undercut patterns after exposure ]////// /// // / /XZ^\ 
and development with ultraviolet ray in an ultraviolet- * 
sensitive resist film. 

CONSTITUTION: For the purpose of generating a 
temperature distribution inside a resist 32 f the resist 32 
is made to approach a heated hot plate 33 to a position 
of no contact and held for a time of q second or less, 
and then the resist 32 is left off to a position of no 
influence from the hot plate. Generating this 
temperature distribution during heating allows the resist 
32 to have the quality that development speed gradually 
increases from the surface to the direction of a 
substrate 31. As a result, it is possible to form an 
undercut shape a pattern after exposure and 
development 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

Uhis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The heating approach of the resist film characterized by forming the temperature 
distribution to which a heat source is installed in a resist film top face so that said resist film 
may not be contacted, and temperature falls to the interior of said resist film toward the 
direction of an interface of said resist film and said substrate from a resist film front face in case 
the resist film by which spreading formation was carried out on the substrate is heated. 
[Claim 2] The heating approach of the resist film according to claim 1 characterized by detaching 
to the location where said resist is not influenced by said heat source after it makes said heat 
source and said resist film approach to the location which does not contact and predetermined 
carries out time amount maintenance. 

[Claim 3] The heating approach of the resist film according to claim 2 characterized by standing 
it still in either said heat source or said resist film, and moving another side. 
[Claim 4] The heating approach of the resist film according to claim 1, 2, or 3 characterized by 
baking said resist film below at the glass transition point temperature of the resist film 
beforehand in case said resist film by which spreading formation was carried out on said 
substrate is heated. 

[Claim 5] The pattern-formation approach characterized by to form a resist pattern by imprinting 
a desired pattern on said resist film by exposure, and developing it after forming the temperature 
distribution to which temperature falls [ by the heating approach of the resist film according to 
claim 1, 2, 3, or 4 ] from a resist film front face toward the direction of an interface of the resist 
film and a substrate at least to said resist film by which spreading formation was carried out 
inside said resist film on said substrate. 

[Claim 6] It is the pattern formation approach according to claim 5 characterized by performing 
exposure of said request pattern by ultraviolet radiation. 

[Claim 7] As opposed to said resist film by which spreading formation was carried out on said 
substrate by the heating approach of the resist film according to claim 1, 2, 3, or 4 After forming 
at least the temperature distribution to which temperature falls to the interior of said resist film 
toward the direction of an interface of the resist film and a substrate from a resist film front 
face, The resist pattern formation approach characterized by raising the thermal resistance of 
the resist film by exposing said whole resist film surface by 2nd exposure after imprinting a 
desired pattern on the resist film by 1st exposure and developing it. 
[Claim 8] It is the pattern formation approach according to claim 7 characterized by for 
ultraviolet radiation performing said 1st exposure and performing said 2nd exposure by far- 
ultraviolet light. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of forming an undercut pattern as 
a pattern of an exposure developer in the ultraviolet- rays sensitization resist film about the 
heating approach of the resist film. 
[0002] 

[Description of the Prior Art] As the formation approach of the metal electrode by the lift-off 
method using the resist film, the formation approach of a metal electrode which is indicated by 
JP f 2-239613,A "the formation approach of a detailed pattern" is learned. The formation 
approach of a detailed pattern given [ said ] in an official report is shown in drawing 5 . The 
resist film 42 is put on substrate 41 front face, and selection exposure is given to this film by the 
request pattern. Moreover, substrate 41 rear face is held at the vacuum chuck 43 maintained by 
20 degrees C. Furthermore, it is arranged that the oil level of the developer 45 with which the 
resist film 42 was held in the tub 44 with stirring and a temperature-control function should be 
contacted. And a temperature gradient can be given to the resist film 42 in the thickness 
direction, and undercut (overhanging) -like opening can be formed now after development. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the conventional approach described above 
is the approach of making generate a temperature gradient as an approach of forming an 
undercut configuration between the developer in contact with a resist film front face, and the 
vacuum chuck holding a wafer, and forming an undercut configuration with the resist film at the 
time of development the developer which contacts the resist film among development -- always 
-- constant temperature -- it is maintained at the condition and the thickness of the resist film 
is usually several micrometers further -- When it took into consideration that the time amount 
which development takes was a part unit and was going to form the undercut configuration 
actually since the contact surface of the resist film and a developer became almost equal to 
development solution temperature, it had the fault of needing the development in a short time 
extremely. 

[0004] The object of this invention makes such a conventional fault remove, and is in UV resist 

film to offer the approach of forming an undercut configuration. 

[0005] 

[Means for Solving the Problem] In this invention, in case the resist film by which spreading 
formation was carried out on the substrate is heated, a heat source is installed in a resist film 
top face so that the resist film may not be contacted, and the temperature distribution to which 
temperature falls to the interior of the resist film toward the direction of an interface of the 
resist film and a substrate from a resist film front face are formed. You may usually heat the 
resist film below at the glass transition point temperature of the resist film before this heat- 
treatment to make still smaller up opening and the lower opening dimension which are formed 
after exposure development at this time. It is the thing here of the heat-treatment with which 
heating does not usually build temperature distribution intentionally in the resist film. A resist 
pattern is formed after the above-mentioned heat-treatment by imprinting a desired pattern on 
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the resist film by ultraviolet radiation, and developing it Moreover, after developing negatives if 
needed, the thermal resistance of the resist film may be raised by exposing the whole resist film 
surface with far-ultraviolet light. 
[0006] 

[Function] By the approach of this invention, the dissolution rate to the developer in resist film 
each point at the time of development is changed by forming temperature distribution in the 
interior of the resist film at the time of resist film heating. It is thought that this phenomenon in 
the novolak system resist which consists of novolak resin and sensitization agent 
naphthoquinonediazide is based on the following two causes. After a J I ADO radical is desorbed 
from nitrogen (N2) and changes to a ketene, it reacts with the residual moisture in a resist, and 
changes with the sensitization or heating of 130 degrees C or more by light to an indene 
carboxylic acid. This indene carboxylic acid reduces the pair developer resistance over the 
developer of the resist of a novolak system. However, when there is little residual moisture in a 
resist, a ketene does not change to an indene carboxylic acid, but reacts with novolak resin, 
association, or naphthoquinonediazide, and a novolak system resist is liquation-ized to a 
developer. Moreover, when it heats above 180 degrees C, novolak resin causes the liquation-ized 
phenomenon over the developer accompanied by a lifting, i.e., the increment in molecular weight 
of novolak resin, for bridge formation. Therefore, a novolak system resist can be made to make it 
refractory to a developer by generating simultaneously lowering of the residual component in the 
resist by heating of 130 degrees C or more, the bridge formation of the novolak resin by heating 
of 180 degrees C or more, or these two phenomena. In this case, the dissolution rate to the 
resist film becomes large as a resist film front-face side progresses in the direction of a resist 
substrate interface, since whenever [ stoving temperature ] is highly set up from a resist 
substrate interface. Therefore, absorption of the ultraviolet radiation in the resist film is large on 
a resist front face, and the vertical pattern or. undercut configuration pattern of an edge is 
realizable [ after exposing a desired pattern ], if temperature distribution are formed in the resist 
film so that absorption distribution of this ultraviolet radiation may be compensated, if a small 
thing is taken into consideration by the resist substrate interface to a substrate by performing 
development. Moreover, since it is controllable, temperature distribution can control the opening 
dimension on the top face of the resist film, and the opening dimension in a resist substrate 
interface by resist thickness. 
[0007] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 
in which curvilinear drawing in which drawing 1 shows a development property, and drawing 2 
show the temperature distribution inside the resist film, drawing 3 , and drawing 4 are the 
sectional views according to process showing this invention. 

[0008] Drawing 1 shows the BEKU time amount and temperature dependence of the resist film 
of time amount which development takes. The used resist film is the AZ-1370SF resist (Hoechst 
Japan make) of 2-micrometer thickness. Baking time amount investigated about three sorts of 
resists, 90 seconds, 180 seconds, and 360 seconds. It was shown that the resist film becomes is 
hard to be developed as prebaking temperature and its time amount increased the time amount 
which the development after BEKU takes by prebaking of 105 degrees C or more according to 
this result. Therefore, if temperature distribution are formed in the interior of the resist film in 
case prebaking processing is performed to the resist film, the development after exposure will 
enable it to realize an undercut configuration. 

[0009] Drawing 2 is simulated by the approach of the graphical analysis of Schmit, in order to 
presume baking time amount required to form temperature distribution into the resist film of 2- 
micrometer thickness, when spreading formation of the resist film of 2-micrometer thickness is 
carried out at a gallium arsenide substrate (350 micrometers in thickness). The 260-degree C 
hot plate has separated 0.74 micrometers virtually from the resist film front face, and when it 
assumes that the wafer temperature in front of BEKU was 30 degrees C, it is shown that the 
temperature distribution which have about 10-degree C temperature gradient can be formed in a 
wafer with baking for 1 second. Moreover, it was shown by baking for 0.5 seconds that the 
temperature distribution which have a 17-degree C temperature gradient about can be formed in 
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a wafer. In this simulation, it calculated as thermal conductivity of the resist film, using 0.46 
W/cm and ** as 0.16x10-2 W/cm r **, and thermal conductivity of GaAs. 
[0010] Therefore, an undercut configuration will be formed, if temperature distribution are formed 
after a resist film front face is heated by elevated temperature at least 105 degrees C or more. 
[0011] In order to form temperature distribution 10 degrees C or more in the interior of about 2- 
micrometer resist thickness based on the above knowledge, the process of formation of an 
undercut configuration is explained with reference to drawing 3 and drawing 4 on the assumption 
that BEKU for 1 or less second is performed. 

[0012] First, as shown in drawing 3 (a), after carrying out spreading formation at the thickness 
(for example, 2 micrometers) of a request of the resist film 32 (for example, Hoechst Japan AZ- 
1370SF) on a substrate 31, as shown in drawing 3 (b) After installing the substrate 31 after said 
resist film spreading in the hot plate (for example, 350 degrees C) 33 warmed by the temperature 
of 105 degrees C or more so that resist film 32 front face may be on a hot plate 33 side, as it is 
shown in it at drawing 3 (c) The substrate 31 after said resist film spreading is made to approach 
a hot plate 33 with the mean velocity of 30cm/second. The substrate 31 after this resist film 
spreading is installed in the location (for example, distance between hot plate resists of 200 
micrometers) which does not contact a hot plate 33, and this substrate 31 is held to the time 
amount for 1 or less second (for example, 0.5 seconds). Subsequently As shown in drawing 4 (d), 
the resist film spreading substrate 31 is separated from a hot plate 33 with the mean velocity of 
30cm/second. Subsequently, after exposing a desired pattern by ultraviolet radiation 34 on a 
wafer 31, as are shown in drawing 4 (e), and it is shown in drawing 4 (f) after BEKU termination, a 
request pattern can be made into the undercut pattern configuration 35 by developing negatives. 

[0013] What made a table 1 the up opening dimension and lower opening dimension of opening of 
an undercut configuration in the AZ-1370SF resist of 1.8-micrometer thickness at the time of 
changing and exposing spacing of a hot plate (350-degree-C setting out) and the resist film with 
the mask of 0.5-micrometer pattern is shown. 
[0014] 

[A table 1] 



(am) 


ISO 200 400 800 


JzSilP^f& Li < n m) 
YWRia-tftSL* < u m) 
'J">k2£ ( Li-Lt>> ( #ro> 


0.88 0.85 1.10 i.Zi 
UIO 1.27 1.48 1.70 
0.22 0.32 0.38 0.48 



[0015] The error in this table is **0.12 micrometers in **25 micrometers and an opening 
dimension in distance. Moreover, an opening dimension in case hot plate temperature is 230 
degrees C and 260 degrees C becomes as it is shown in the following table 2. 
[0016] 
[A table 2] 
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230 TC 


260 1: 




SO 


SO 


so 

<85C* -9 if) 


100 


J; SB Cfl □ 7 & L t (*tm) 


1 .28 


LOG 


0.84 


1.70 


TgUBfia^ &L> (urn) 


1.75 


I. 10 


1.00 


1.80 


( L t-L ») («) 


0.80 


0. 10 


0. 18 


0. 10 



[0017] As shown in the above table 2, although an up opening dimension and a lower opening 
dimension cannot be set up independently, they become possible [ forming the pattern of the 
undercut configuration which has a desired up opening dimension and a desired lower opening 
dimension ] choosing hot plate temperature and the distance between hot plate- resists suitably, 
or by usually heating at 85 degrees C beforehand. 

[0018] As mentioned above, although the example of this invention was explained, this invention 
is not limited to these and deformation various by within the limits of this invention and 
modification are possible for it. 

[0019] For example, it is possible to perform prebaking processing with a convection oven or pro 
squeak tee BEKU equipment before the procedure which forms temperature distribution in the 
resist film 32 if needed. 

[0020] Moreover, similarly, after forming a resist film pattern according to the above-mentioned 
process if needed, it is possible to aim at the heat-resistant increment by hardening of a resist 
film pattern by the exposure of far-ultraviolet light. 

[0021] Moreover, although the hot plate was stood still and the substrate was moved in the 
above-mentioned example, it is at a standstill in the substrate, and the hot plate may be. moved. 
[0022] 

[Effect of the Invention] According to this invention, after giving a temperature gradient in the 
thickness direction of the resist film at the time of heating, using the resist film as a substrate 
pattern in the lift-off method, opening of an undercut configuration advantageous to a lift off can 
be formed only by exposing and developing a desired pattern. 
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[0 0 13] 0. 5 ums<5>-y<D-?7.!>[Zl >9 , * •> 
h^u-h (3 5 0 c CsS!£) fc l^v 5 ^ FK©Pfll?rSx 
TSTtLfc^©, l.'8jimff$©AZ-l 3 7 0 SF 

[0 0 14] 
1*1] 



(4) 



#1^6-1 8 8 184 



mm c u m ) 


150 200 400 800 


±8BBJ!Pi-& Lt ( M m) 
T»BBaTftt L b (Mm) 
7f 8t« (Lt-Lb) ( ^m) 


0.68 0.95 1.10 1.24 
1.10 1.27 1.48 1.70 
0.22 0.32 0.38 0.46 



[0015] zvmcmz^mi. e»ic*s^t±2 *h%Wi&oMa^mt, &©*2©j:5icfcs. 

5(im, Mp-+fe(CfcV^-Cli, ±0. 12jimT'fc5„ 10 [00 16] 
Sfc, *y h7V- hffl£#2 3 0t:fcJ;tf2 6 0"C-C* [«2] 



* v h 7* u - M3g 


230X: 


260 -C 


ffiJS (Mm) - 


50 


50 


50 

(85CV -9#) 


100 


±MD-*i£ Lt (Mm) 


1.26 


1.00 


0.84 


1.70 


TSBBID^SLb ( um) 


1.75 


1. 10 


1.00 


1.80 


(Lt-Lb) (Mm) 


0.50 


0. 10 


0. 16 


0. 10 



[0017] jji±©S2A>e>i3A»5i5^ ±&Mn^ 

\zm&ZthZ>Wf'tb8 5lCTiitJlO»L"C*<it 
y * y h * - v 1 5 r i * iTffi 1 4 

[ooi8ia±, *snroiai«itrRnL^, *« 30 

[0 0 1 9] flitf, ^glOSCT, l/^ H32rt 
[0 0 2 0] Rttli. &MfO£DT, iE^Pir 

fM^tt*Hsrfca«ri6-c*>5. 40 

[0 0 2 1] *fc, ±aolHt«-(?tt*y hTV- h£ 
»JtL, S«£&ftLfc75\ fflRfclfcfcLTisS*? h 

[0 0 2 2] 



*83tL-CSift1-5K»t-e, y 7 h*7KtW*7>* 
—toy h3g*t©BlPSr«dt1-5rtas-CS5. 
[M©ffif/iIS] 

[ill] a«UcBi"5i*Moy-haft*JJ:0^-^» 

[02] Schmi t©ms;)8feic±5U'v ; ^ hrti&S 

[13] *»«lcJ:5iatrttW'i-*fc»oKiiHT* 
5. 

[04] #^tcJ:3lgHPJt3fc*©$rEIIIT';fc 
[15] ft*^«ifiX8«S:*tWrffiia-e*)5o 
3 1 

3 2 l/^ hR 
3 3 *yh7V-h 

3 4 *^Jt 

KM 

4 3 S^ty^ 

44 mt&wmmw&mztoft 

4 5 



3 5 

4 1 
4 2 



(5) 



8 8 18 4 




[1213] 



:b4] 



32 l/VXNK 



777777777777%^. zxm 
(a) 



32 
31 



(b) 

XL 



^777777777777^ * **> 
(c) 



JT 



\r7777777777779^jk 
Y^7Z7777777777^. 



32 
31 



(d) 



F 



3H.*5«l. 



3~_32 
'A 31 



.te) 



F 



7 //~P/////7 77^i 
(f) 



,3B7VJT-*-»|'/C9-V 
32 
31 



[0 5] 



41 SS — 458*K 



-43 at*/? 



